Metode-metode dalam pencarian akar sebuah fungsi nonlinear telah banyak diteliti.
Introduction
Newton method is a well-known method for finding roots of a function. This method firstly initiated by Newton in 1669 for finding a root of a polynomial equation and generalized by Raphson several years later. Assume that:
be a nonlinear function with the roots x * i , i = 1, 2, ..., n, and x 0 be the initial guess of a root of (1) . The iterates (2) :
is well-defined called Newtons method and x i will converge to the root of (1) when starting with a good enough initial guess and it converges quadratically [Sli and Mayers (2003) ]. Then define the basin of x * to be the set of points where Newton method will converge to x * if one of the points contains in the basin is taken as an initial guess. An appropriate starting point can be inferred from Theorem 1 taken form [Burden and Faires, 2011] . Abbasbandy, 2003] , and here we have summarized those bad behaviors taken from Wood [1999] . First, if the iteration x i has zero slopes, and then f (x i )/f (x i ) is undefined and the tangent line never intersects to the -axis, consequently,x i+1 is undefined. The second obstacle is the oscillation phenomenon. Oscillation happened when the sequence of iteration {x i } gets trapped between two or more values. For example, consider the equation f (x) = 0 with f (x) = x 3 − 2x + 2.
The Newtons method iteration with x 0 = 0 and x 0 = −5 are taken as an initial guess is summarized in Table 1 as follows. Table 1 . Oscillation phenomenon of Newtons method f (x) has a single root at x * = −1.76929. It can be seen in Table 1 that the iteration oscillates between 0 and 1 when x 0 = 0 has been taken as initial guess, while the initial guess x 0 = −5 brings the iteration to the solution.
Third bad behavior of Newton method happens when the initial guess is not close enough to the desired solution. This situation may bring the sequence {x i } diverge from the solution x * . See Table 2 below. Table 2 . Divergence of Newton method Table 2 is the first five iteration of Newton method for solving the equation
starting at x 0 = −0.3 and x 0 = 3. First initial guess x 0 = −0.3 brings into being speedily converging sequence of iterations to the solution that is x = 0. If x 0 = 3, the iterations vanish to infinity. Those several bad behaviors of Newtons method bring in the inspiration of basins of attraction to initial guess x 0 . This paper concerns on investigating and analyzing the best initial guess for which Newtons method will never be failed for converging to the desired solution. Several testing example are given to see the influence of curvature at point of inflection to the convergence of Newton method. The results lead us to a hypothesis and ultimately produce a theorem.
The goal of the paper is to find the basin of attraction of Newton method through analyzing relation between point of inflection and curvature of nonlinear function. The numerical experiments may be expected to give a good sense in building a theoretical framework and at the end, a theorem of basin of attraction of Newton method will be yield.
The rest of the paper is organized as follows. In section 2, the theory of curvature and point of inflection and also the relationship between the neighborhood of point of inflection point and curvature at that point will be described. In section 3 several testing examples are studied. Section 4 will present a theorem. Finally, some concluding remarks are made in Section 5.
Relation between Curvature and Point of Inflection
Before any further, the theory of curvature and the point of inflection will be discussed firstly. To give a good sense , now consider Figure 1 . Figure 1 shows the graph of f (x), where (a, f (a)) and (b, f (b)) are two points on the graph, and the tangents to the graph at these points. The measure of the angle formed by the two tangents is c, and the distance along the graph between (a, f (a)) and (b, f (b)) is s. The expression c/s is the average rate of bending of the curve between (a, f (a)) and (b, f (b)) [Lightstone, 1965] , which is better known as curvature. In Purcel and Varberg [1984] , they called curvature is a measure how sharply a curve bends. Following curvature definition and theorem will be very useful. (1) Let the curve be given by the differentiable vector function f (t) = f 1 (t) + f 2 (t). Let φ(t) denotes the direction of f (t). Then the curvature of , denoted by κ(t) , is the absolute value of the rate of change of direction with respect to arc length (s), that is
The radius of curvature ρ(t) is defined by Theorem 2. [ Lightstone (1965) ]. If C is a curve with equation y = f (x) where f is twice differentiable, then
It is clearly from Theorem 2 that line must have curvature 0 and a sharply turning curve should have a large curvature. Curvature will also 0 if f "(x) = 0 and it has been known that points where f "(x) = 0 or where f "(x) does not exist are the nominees for point of inflection. The formal definition of point of inflection is as follows. From the remark that line must have 0 curvature and Definition 2, we can intuitively conclude that curvature of a function at point of inflection is 0, and curvature of a function at the neighborhood of point of inflection are almost 0. Then, it can be said that the graph of a neighborhood of point of inflection where the curvature are very close to 0 is almost straight line. This conclusion can be used for solving the drawback of the convergence of Newton method since for most non convex function, Newton method will fail to obtain the closest solution and the iteration sometimes goes out far from the solution because the process depend on the tangent line of each iteration. The more the curve blends (large curvature), the more the iteration goes out. The complete discussion will be given in Section 4. For non convex function, the tangent line at the neighborhood of point of inflection (almost line) will leads the iterations to the closest root rather than tangent line at the other points. Before spilling our intuitive thought becomes a theorem, some testing examples will be given in Section 3.
Numerical Experiments
In this section, some experiments in which three test examples have been used for showing that the neighborhood of point of inflection never fails for obtaining the nearest root of nonconvex problems. In this experiment, it is assumed that the points of inflection have been known in advance which will be used as the initial guesses when employing Newton method. The idea how to find inflection points of a function is given in [Pandiya, 2013] The three test examples and their graphs taken from (Wen et al. [2012] ; Pandiya [2013] are given in Figure  2 .
FIGURE 2. Graph of the test functions
The numerical results are summarized in Table 3 . It has been mentioned before that the tangent line at the neighborhood of point of inflection will guide the iterations of Newton method into the convergence. In Table 3 , the second column indicates points of inflection for the three examples which are also initial points in operating Newton method. In fact, analytically, point of inflection point cannot directly be used as initial point when employing Newton method. However, points of inflection given in Table 3 are obtained by programming (numerically), so they are actually the neighborhood of point of inflection. Table 3 shows that our hypothesis likelihood of successful outcomes. The intuitive discussion and the results of numerical experiment will be poured into a theorem given in the next section.
The Use of Inflection Point for Converging Newton Method
If Newton method is implemented to a straight line, then the root will be obtained only by one iteration from every initial guess. This fact together with the remark of curvature that the straight line has the 0 value of curvature leads our intuitive thoughts that every twice continuous differentiable function has straight line part and every point lies at that straight line part will always converge to the nearest solution. The value of curvature at x 0 is as follows.
Since κ(x 0 ) = 0, the graph of f at x 0 is a straight line, then Newton method will converge to the nearest root of f between m and M .
Conclusion
In this paper, a theorem for converging Newton method is presented. This theorem was constructed by the relationship between point of inflection and curvature. From numerical results and Theorem 3, it can be concluded that the neighborhood of point of inflection between a minimum and maximum point will converge to the nearest root of nonlinear function.
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